Candida albicans is an opportunistic pathogen, which causes local and/or disseminated diseases in immunosuppressed humans. Phagocytic cells play a critical role in the immune response against C. albicans . Toll like receptors (TLR) are important in the identifi cation of invading microorganisms and in the regulation of neutrophil survival. TLR2 has been shown to participate in the response against pathogenic yeasts and to increase the functional life span of neutrophils. In view of these observations, we studied the involvement of TLR2 in neutrophil function after C. albicans infection. The absence of TLR2 resulted in lower chemotaxis of neutrophils to the site of infection. This in turn was associated with lower levels of chemokines from neutrophils, facilitating the dissemination of the pathogen to the lymph nodes and spleen. A high frequency of apoptotic neutrophils and macrophages in the infl ammatory exudates from TLR2 Ϫ/Ϫ mice was found. In addition, the phagocytic activity of neutrophils and macrophages, nitric oxide production and myeloperoxidase activity were diminished in cells from TLR2 ϪրϪ mice. Together, these data demonstrate the importance of TLR2 signals for neutrophils activation and survival after C. albicans infection.
Resistance to candidiasis requires the coordinated action of innate and adaptive immune cells, where phagocytes are responsible for the initial recognition and response against yeast, and the lymphocytes subsequently act to provide the signals to amplify/sustain the response [ 3 ] . The infl ux of polymorphonuclear neutrophils to the site of infection is critical for the control of the fungal infection, and is thought to be the major factor limiting the spread of C. albicans . After contact with this microorganism, neutrophils engulf the yeast and subsequently destroy them in the phagosome via a mechanism involving nitric oxide (NO) and myeloperoxidase activation (MPO) [ 4 ,5 ] . Thus, neutrophils are essential for the initiation and execution of the acute infl ammatory response, and indeed, the absence or defective functioning of neutrophils is the primary cause of disseminated candidiasis [ 6 ] . Nevertheless, the proposed mechanisms by
Introduction
Candida albicans is commonly found in the microbiota of the mucosal surfaces in the oral, gastrointestinal and genitourinary tracts of healthy subjects [ 1 ] . However, C. albicans can cause opportunistic infections particularly in immunocompromised patients. Therefore, mucosal infections have received special attention due to the increasing incidence in patients with human immunodefi ciency virus (HIV) infection [ 2 ] . which the immune system recognizes C. albicans in order to trigger the host defense against yeast infection are contradictory.
The TLR family enables the host to recognize a diverse array of conserved pathogen-associated microbial products of a large number of pathogen-associated molecular patterns, such as bacterial lipopolysaccharides (LPS), viral RNA, CPG-containing DNA. Surface components of the yeast cell wall, e.g., mannan and phospholipomannan, also interact with host cells by means of the TLRs [ 7 ] . Isolated components of C. albicans have been demonstrated to activate the TLR2 and TLR4 of neutrophils and macrophages [ 8 ,9 ] . TLR signaling in phagocytes results in their activation, leading to increased phagocytosis and cytokine production [ 10 ] .
In addition to pathogen recognition, TLRs are important regulators of neutrophil survival [ 11 ] . TLR agonists (e.g., LPS) were found in vitro to delay the apoptosis process, and therefore extend the functional life span of neutrophils [ 11 ] . However, the effect of TLR2 on polymorphonuclear neutrophil apoptosis in candidiasis has not been established.
The present study was undertaken to characterize the functional role of TLR2 in macrophages and neutrophils in response to C. albicans infection.
Materials and methods

Animals
Experimental groups comprised of 8-week-old male wild type C57BL/6 mice (WT), and knockout mice with targeted disruption of TLR2 (TLR2 Ϫ/Ϫ ). Mice were bred (breeding pairs obtained from Jackson Laboratory, Bar Harbor, Maine, USA), and maintained in the animal facilities of the Department of Biological Science-FOB/USP. The experimental protocol was approved by the local Institutional Committee for Animal Care and Use.
Candida albicans
C. albicans (ATCC 10231) was used in all experiments. Yeast cells were kept on Sabouraud dextrose agar (SDA; Difco, Becton Dickinson, Le Point de Claix, France), at 28°C, and were grown in Sabouraud dextrose broth (SDB; Difco) for 24 h at room temperature before the inoculation into experimental animals. The cells were then harvested by centrifugation (700 g ), and suspended at 10 8 cells/ml in RPMI-1640 medium (Gibco Life Technologies, Grand Island, NY, USA) containing, depending on the assay, either 5% of heat inactivated fetal calf serum-FCS (GIBCO) or saline. The viability of yeast cells was determined as previously described [ 12 ] . For in vitro assays, yeast cells were incubated for 5 h with Fluorotag FITC (Sigma Aldrich, St Louis, USA) followed by two saline washings (350 g for 10 min at 4°C).
C. albicans infection model
The WT and TLR2 ϪրϪ mice were injected intraperitoneally (i.p.) with 10 7 C. albicans cells suspended in 100 μl of saline, and then euthanized 24 h later. Negative controls included animals that received saline without yeast, as well as non-infected animals.
Isolation of leukocytes from peritoneal exudates
Isolation of neutrophils and macrophage was performed as described by Gasparoto et al . [ 13 ] . Briefl y, peritoneal exudate cells were harvested by washing the peritoneal cavity 24 h after the mice were injected with 10 7 C. albicans blastoconidia with sterile RPMI medium containing 5% FCS (GIBCO), RPMI medium or thioglycolate (3%). The peritoneal fl uid was then collected through an incision in the abdominal wall and subjected to centrifugation at 350 g for 10 min at 4°C. The supernatant was removed and frozen at −20°C and the remaining pellet of cells was suspended in RPMI medium, and a portion counted in a hemacytometer. The viability of the cells was Ͼ95% as determined by Trypan blue exclusion. The percentage of neutrophils and macrophage was determined by Wright staining of the cytocentrifuged preparations.
Analysis of phagocytosis by neutrophils and macrophages
WT and TLR2 ϪրϪ mice were injected i.p. with 1 ml of thioglycolate (3% w/v) and the peritoneal cells were harvested 6 h (Ͼ85% of neutrophils) or 72 h (Ͼ90% of macrophages) later by washing the cavities with RPMI 1640. The viability of the cells viability was found to be Ͼ98% (Trypan blue exclusion). Cells obtained after 6 h were cultivated for 1 h at 37°C in antibiotic-free RPMI 1640, and the non-adherent cells were used as neutrophils (Ͼ94%). For the phagocytosis assay, neutrophils or macrophages were incubated with FITC stained C. albicans (at 1:10 ratio of phagocyte:yeast) at 37°C with gentle shaking. After 1 h, the cells were washed with PBS at 4°C and centrifuged at 350 g , fi xed with 1% formaldehyde PBS and the percentage of neutrophils and macrophages phagocytosing C. albicans were analyzed by fl ow cytometer (FACScalibur) using CellQuest software (BD Biosciences). Extra cellular yeast cells were quenched by Trypan blue before fl ow cytometric analysis. In addition, the in vitro phagocytosis assays with FITC-yeast cells were visualized and photographed by confocal laser scanning microscopy (TCS model, SPE, Leica, Mannheim, Germany). To estimate the number of ingested C. albicans yeast cells, phagocytosis assays were staining by Giemsa method.
Nitric oxide production
For the determination of in vivo NO production by infl ammatory cells, the level of nitrite (NO 2 − ) was measured in freshly isolated peritoneal fl uid. For the determination of in vitro NO production, the concentration of NO 2 − was measured in the supernatants of cultivated neutrophils as described below. Neutrophils (1ϫ10 6 cells) were incubated with medium with or without C. albicans for 24 h at 37°C and 5% CO 2 . The supernatant was collected and the total amount of nitrite determined using the Griess method [ 14 ] . Briefl y, 50 μl of supernatant samples were incubated with an equal volume of the Griess reagent at room temperature. The absorbance was measured on a plate scanner (Spectra Max 250; Molecular Devices) at 540 nm. The NO 2 − concentration was determined using a standard curve for NaNO 2 at a concentration range from 1 to 200 μM.
Myeloperoxidase activity
MPO activity of neutrophils in the peritoneal exudates was measured as previously described [ 15 ] . Briefl y, the animals were euthanized 24 h after C. albicans or RPMI inoculation, infl ammatory cells (1ϫ10 4 neutrophils) were harvested and centrifuged at 350 g for 15 min, and the pellet was frozen at Ϫ20°C. The pellet was then thawed and centrifuged twice at 10,000 g for 15 min at 4°C. The MPO activity in the suspended pellet was assayed by measuring the change in absorbance at 450 nm using tetramethylbenzidine (1.6 mM) and H 2 O 2 (0.5 mM). Also, inguinal lymph nodes and spleen from these animals were obtained and MPO activity per g of tissue was evaluated as described above.
In vivo cytokine and chemokine production
The peritoneal exudates from peritoneal cavity of WT or TLR2 ϪրϪ infected mice were obtained by washing with 5% FCS RPMI 1640. The production of TNF-␣, CXCL1, CCL3, CXCL2, CCL5 and IL-1␤ were determined by ELISA using commercially available kits (R&D Systems), as follows: TNF-α (sensitivity Ͼ3.4 pg/ml), CXCL1 (Ͼ2 pg/ml), CXCL2 (␣7.8 pg/ml), CCL3 (Ͼ1.5 pg/ml), CCL5 (Ͼ2 pg/ml) and IL-1␤ (Ͼ4.2 pg/ml). All assays were carried out according to the manufacturer's instructions and performed in triplicate. The results are expressed as picograms of cytokine per ml (ϮSD) (per cavity, for three independent experiments).
Apoptosis
The percentage of apoptotic cells in the samples ( in vitro and in vivo ) was estimated by labeling cells, as per manufacturer's specifi cations, with FITC-labeled Annexin V (Aposcreen Annexin V-FITC, R&D Systems, Minneapolis, MN, USA). Peritoneal infl ammatory cells from control and TLR2 ϪրϪ mice in these analyses were gated on macrophages/DCs (R1), and neutrophils (R2) via their forward (FSC) and side scatter (SSC) properties. The cell acquisition was performed on a FACSort fl ow cytometer using the CellQuest software (BD).
Assay for colony-forming units (CFU)
To determine the growth and dissemination of C. albicans , the amount of colony-forming units recovered from the spleen, inguinal lymph nodes and peritoneal exudate were analyzed at 24 h after injection. The organs were aseptically removed, weighed, homogenized in sterile phosphate buffer saline (PBS) using tissue grinders, and the samples (100 μl) were diluted in 900 μl of PBS. Aliquots of 100 μl of each sample of organ and the exudate were dispensed onto Petri dishes containing SDA (Difco). The plates were incubated at 37°C, the colonies counted 2-7 days later, and the number of colony-forming units per g of tissue (organs) and per ml (exudate) was calculated.
Statistical analysis
The results are expressed as the mean Ϯ SD. Statistical analysis was performed using analysis of variance (ANOVA) followed by the parametric Tukey-Kramer test (INSTAT software: GraphPad, San Diego, CA, USA). Values of P Ͻ0.05 were considered statistically signifi cant.
Results
Decreased neutrophil and macrophage recruitment to the site of C. albicans infection in TLR2 ϪրϪ mice
We fi rst evaluated the role of TLR2 in the recruitment of macrophages and neutrophils during C. albicans infection. The induction of infl ammatory cells migration in TLR2 ϪրϪ mice (11.3Ϯ2.3ϫ10 6 ) was signifi cantly ( P Ͻ 0.001) lower than that observed in WT mice with C. albicans . We found that neutrophils from TLR2 ϪրϪ mice presented lower phagocytic activity (36.2Ϯ2.9%) when compared with cells from WT mice (53.1Ϯ2.9%) ( Fig. 2 A) . Similarly, macrophages from TLR2 ϪրϪ mice presented lower phagocytic activity (15.3Ϯ0.4%) than WT mice (25.3Ϯ0.5%) ( Fig. 2 B) . Analysis of ingestion of C. albicans demonstrated that neutrophils from TLR2 ϪրϪ mice presented signifi cantly smaller number of phagocytosed microorganisms compared with the control group ( Fig. 2 C) . These data indicate a possible role of TLR2 in the phagocytic function of neutrophils against C. albicans .
Lower NO production and MPO activity by infl ammatory cells from TLR2 ϪրϪ than WT mice in response to C. albicans
To characterize possible alterations in neutrophils function from TLR2 ϪրϪ mice in response to C. albicans infection, peritoneal fl uid of infected and non-infected animals was recovered to determine NO production. In vivo , the levels of NO were signifi cantly lower in the peritoneal fl uid of TLR2 ϪրϪ mice when compared with WT mice ( Fig. 3 A) . As expected, low NO levels were detected in the peritoneal cavity of PBS-treated mice. In vitro , neutrophils from TLR2 ϪրϪ and control mice were cultured with the growth medium or C. albicans and NO production was evaluated. As observed in Fig. 3 B, NO concentrations were signifi cantly lower in cultures from TLR2 ϪրϪ mice.
Next, peritoneal infl ammatory cells of infected and non-infected animals were recovered and MPO activity was determined in the same number of neutrophils (1ϫ 10 4 cells). Our data demonstrated that neutrophils from TLR2 ϪրϪ -infected mice exhibited signifi cantly lower MPO activity than cells from WT mice ( P Ͻ 0.05) ( Fig.  4 A) . Consistent with this, MPO activity in the lymph node and spleen was signifi cantly reduced in TLR2 ϪրϪ mice after C. albicans infection ( Fig. 4 B) . These results indicate that the absence of TLR2 signals infl uences the production of antimicrobial mediators in response to C. albicans infection.
Absence of TLR2 infl uences the production of chemokines and cytokines after C. albicans infection
In view of the decreased infl ammatory cell migration to the peritoneal cavity of TLR2 ϪրϪ mice after C. albicans infection, we next investigated the levels of chemokines and cytokines produced in the peritoneal cavity of TLR2 ϪրϪ and WT mice ( Fig. 5 ) . The results demonstrated significantly higher production of CCL5, TNF-␣, CXCL1, (71.9Ϯ23.2ϫ10 6 ) ( Fig. 1 A) . The inoculation of thioglycolate did not induce signifi cant changes in infl ammatory cells infi ltration in WT and TLR2 ϪրϪ mice (84.4Ϯ11.9ϫ10 6 and 69.8Ϯ14ϫ10 6 , respectively; data not shown). In addition, the total number of neutrophils and macrophages was different between WT and TLR2 ϪրϪ mice ( Fig. 1 B) . These results indicate the involvement of TLR2 signals in the macrophage activation and neutrophil chemotaxis after C. albicans infection.
Phagocytosis of C. albicans is less effi cient in the absence of TLR2 activation
In view of the decreased infl ammatory reaction in the peritoneal cavity in the absence of TLR2, we investigated the phagocytic activity of infl ammatory cells. First, we challenged freshly isolated neutrophils and macrophages 
Absence of TLR2 increases neutrophils and macrophages apoptosis after C. albicans infection
As neutrophils become apoptotic once they have experienced phagocytosis, and oxidase products are implicated in CXCL2, CCL3 and IL-1␤ in the peritoneal cavity of WT-infected mice as compared to TLR2 ϪրϪ -infected mice ( Fig. 5 A-F) . Although it had not been statistically significant, our results revealed difference between TLR2 ϪրϪ and WT mice inoculated with PBS ( Fig. 5 B and 5E ). In order to confi rm the infl uence of TLR2 in neutrophils survival, freshly isolated neutrophils from TLR2 ϪրϪ and WT mice were stimulated in vitro with viable C. albicans and apoptosis was evaluated. Neutrophils from TLR2 ϪրϪ mice incubated with medium presented signifi cantly ( P Ͻ 0.05) higher levels of apoptosis (38.1Ϯ1.2%) when compared with WT mice (30.9Ϯ2.8%) ( Fig. 6 D) . C. albicans exposure signifi cantly increased ( P Ͻ 0.001) neutrophil apoptosis from TLR2 ϪրϪ mice (56.3Ϯ1.5%) when compared to cells from WT (40.8Ϯ0.8%) ( Fig. 6 D) . These results suggest that the absence of TLR2 infl uenced the viability of neutrophils and macrophages after C. albicans infection.
Enhanced dissemination of C. albicans in TLR2 ϪրϪ mice
The smaller number of neutrophils in the peritoneal cavity of TLR2 ϪրϪ mice could be facilitating the dissemination of the pathogen. In order to confi rm this hypothesis, we determined the fungal load 24 h after injection of C. albicans cells. The same number of CFU was detected in the peritoneal cavity of TLR2 ϪրϪ and WT mice the process [ 16 ], we measured neutrophil and macrophage apoptosis after in vivo and in vitro exposure to C. albicans in TLR2 ϪրϪ and WT mice .
Interestingly, a higher percentage of apoptotic neutrophils was observed in the peritoneal cavity of uninfected TLR2 ϪրϪ mice (57.5Ϯ4.7%) when compared to WT mice (8.9Ϯ2.8%) ( Fig. 6 B) . C. albicans infection enhances neutrophils apoptosis in vivo both in WT and TLR2 ϪրϪ mice, but neutrophil apoptosis was signifi cantly higher ( P Ͻ 0.001) in the peritoneal cavity of TLR2 ϪրϪ -infected mice (80.1 Ϯ 12.4%) when compared to the WT-infected mice (26.9 Ϯ 11.6%) ( Fig. 6 B) . Similarly, a higher number of apoptotic macrophages was observed in the peritoneal cavity of TLR2 Ϫ/Ϫ -infected mice (43.9Ϯ4.6%) than in WT-infected mice (17.8Ϯ5.3) ( Fig. 6 C) . albicans (E:T ratio 1:10), and after 24 h the supernatant was collected and the nitrite production measured by the Griess reagent method. The results are expressed as meansϮSD for three experiments. Signifi cant differences between strains are indicated by *( P Ͻ0.05). WT mice ( Fig. 5 A-F) . Futhermore, it is known that TLR2 is involved in the recognition of C. albicans by macrophages, which leads to the production of TNF-α, characteristically known as an inducer of a broad range of chemokines [ 17 -21 ] .
Thus, our results support the idea that the absence of TLR2-mediated signaling lead to inappropriate macrophage activation resulting in a lower production of cytokines and chemokines, and these events might be critical to neutrophil migration to the infection site. In addition, TLR2 defi ciency affected the function of macrophage and neutrophil activation. Our data showed a lower percentage of TLR2 ϪրϪ neutrophils and macrophages phagocytosing C. albicans when compared with cells from WT mice. These results indicate a role of TLR2 in the recognition of C. albicans and in phagocytic function of neutrophils. This possibility is compatible with previous evidence that recognition of C. albicans cell wall antigens involves TLR2, and TLR2 absence increased susceptibility to C. albicans infection [ 19 ] . However, another study showed no differences in the susceptibility of TLR2-defi cient and control mice to primary candidiasis, which suggest that mice might be fully competent at the level of innate antifungal resistance, as documented by ( Fig. 7 ) . However, we found a higher amount of colonyforming units in the lymph nodes and spleen of TLR2 Ϫ/Ϫ mice than in WT mice ( Fig. 7 ) .
Discussion
The goal of this study was to evaluate the role of TLR2 in controlling migration, phagocytosis, and microbicidal activity of neutrophils and macrophages after i.p. infection with C. albicans . We fi rst evaluated the role of TLR2 in the recruitment of macrophages and neutrophils, and our results indicate the possible involvement of TLR2 in macrophage activation and neutrophil chemotaxis ( Fig. 1 B) .
In the absence of TLR2, the infl ux of neutrophils was diminished to the area around the inoculation site of C. albicans ( Fig. 1 B) . Indeed, the decreased infl ammatory reaction in the peritoneal cavity of TLR2 ϪրϪ mice seems to be due to inappropriate activation of resident macrophages in the absence of this receptor, since the macrophages isolated from TLR2 ϪրϪ mice had lower phagocytic activity than macrophages isolated from WT mice ( Fig.  6 C) . This suggested explanation agrees with the observations showing reduced concentrations of cytokines and chemokines in TLR2 ϪրϪ -infected mice when compared to Fig. 5 Absence of TLR2 alters chemokines and cytokines production involved with Candida albicans immune response. WT and TLR2 ϪրϪ mice were injected i.p. with 10 7 viable C. albicans yeasts, and the peritoneal exudate was harvested 24 h later. The peritoneal exudates were centrifuged, the supernatants were obtained and the levels of TNF-␣, IL-1␤, CXCL1, CXCL2, CCL5 and CCL3 were evaluated by ELISA. The results are expressed as meansϮSD for three experiments. Signifi cant differences between strains are indicated by *( P Ͻ0.05).
Whether the difference in the phagocytic activity observed in the present study is due to lack of phagocyte activation or to differences in phagocytic receptors (such as mannose receptor, dectin-1, or other TLRs) is still a matter of investigation. However, if we compare WT and TLR2 ϪրϪ data, the interpretation of the results seems to suggest differences in the receptor activation since the production of cytokine/chemokines in TLR2-defi cient mice is smaller than in WT. TLR2 signals lead to NF-⌲B activation and TNF-␣ production that, in turn, increases the expression of phagocytosis receptors on macrophages [ 18, 23 ] . The signals mediated after Candida recognition by TLR2 are important in cytokines production and the up-regulation of phagocytic receptors. It is important to note that recent studies have shown that the stimulation of TLRs can trigger the expression of a number of phagocytic receptors in macrophages [ 24 ] .
Other interesting results suggest a role of TLR2 in the control of antimicrobial reactive oxygen and nitrogen species released by neutrophils. Neutrophils can be activated by C. albicans to produce and release NO and its absence has been linked to susceptibility to C. albicansinfection [ 25, 26 ] . Thus, the lower levels of NO produced by infl ammatory cells from the peritoneal cavity of TLR2 ϪրϪ mice could be involved in the increase of yeast dissemination. In accordance, the absence of TLR2 seems to be related to the proliferation and dissemination of the fungi [ 22 ] .
Regarding MPO activity, we showed, for the fi rst time, that MPO activity in TLR2 ϪրϪ neutrophils was lower than WT after C. albicans infection. More important, our results show that in lymphoid tissues, MPO activity was signifi cantly lower in TLR2 ϪրϪ than in WT-infected mice as well. Because MPO is the major potent oxidantproducing enzyme responsible for the synthesis of antimicrobial reactive oxygen species, probably the reduced MPO activity weakens the antimicrobial defenses of neutrophils from TLR2 ϪրϪ facilitating C. albicans dissemination [ 27 ] . A possible explanation for the low reduced fungal growth in mice with primary disseminated candidiasis [ 22 ] . The different results related to TLR2 defi ciency on macrophages and neutrophils function and on the level of innate antifungal resistance may be explained by differences in the virulence of pathogen and the antigens used. Our observations support the hypothesis that the absence of TLR2 signals infl uences the function of macrophages and neutrophils and could increase susceptibility to candidiasis. cells and tissues from TLR2 ϪրϪ mice could be explained by alterations in cytokine production in these mice after C. albicans infection.
It is also important to consider that other pathways may be implicated in the control of TLR2 ϪրϪ neutrophil apoptosis after C. albicans infection such as absence of growth factors. The prolonged survival of neutrophils has been shown to be associated with augmentation of pro-inflammatory cytokines such as TNF-␣ [ 28 ], which was drastically lower in the absence of TLR2 after C. albicans infection. Hence, apoptosis rates that were verified in macrophages and neutrophils from TLR2 Ϫ/Ϫ mice could be a direct or indirect consequence of the absence of such receptor . We have not explored the complex regulation of TLR2 and apoptosis yet; however, in view of the previous evidence suggesting a cross-talk between the signaling pathways [ 29 ] we can speculate that a similar phenomenon is taking place after C. albicans infection in TLR2 ϪրϪ mice. C. albicans has been demonstrated to induce apoptosis in phagocytic cells in vitro and in vivo: [13, 30 ] The link between C. albicans infection and apoptosis induction is supported by studies with phagocytic cells when the host cell death takes place after endocytosis of the fungus [ 13 ] or after C. albicans phospholipomanan promotes the dysregulation of the proapoptotic molecule transduction pathway [ 31 ] . Indeed, our in vitro results showed that the absence of TLR2 increased the levels of phagocytes apoptosis. Our study corroborates the hypothesis that signals mediated by TLR2, directly or indirectly, delayed the apoptotic phenomenon after C. albicans infection. In addition, we noted an elevated rate of TLR2 ϪրϪ apoptotic neutrophils even in the absence of the pathogen ( Fig. 6 B) . Although TLR2 ϪրϪ mice presented a very low number of peritoneal neutrophils after PBS inoculation, probably as a result of needle trauma, this data indicate that these cells are predisposed to die. It is relevant to cite that except about apoptosis and in vitro NO production, our results show no statistically significant difference between TLR2 ϪրϪ and WT neutrophils function after PBS inoculation. Yet, we did not observe a significant difference in intraperitoneal infiltrate or apoptotic neutrophils in the absence of TLR2 after thioglycolate inoculation. Furthermore, the levels of cytokines and chemokines were also not different in WT and TLR2 ϪրϪ (data not shown), suggesting that under this condition, neutrophils could be activated due to potential stimulation of other receptors. Therefore, TLR2 ϪրϪ neutrophils can be adequately activated after other stimuli but not by C. albicans . activity of MPO is that in the absence of TLR2 the functional life span of neutrophils is reduced due to the early/ premature apoptosis after C. albicans infection. This hypothesis is compatible with evidence showing that TLR agonists are able to delay neutrophils apoptosis [ 11 ] . In fact, our data indicate that TLR2-defi cient mice had more apoptotic cells in the peritoneal exudate than WT mice ( Fig. 6 A-D) . This observation supports the hypothesis that TLR2 prolongs neutrophil life span following yeast phagocytosis at infl ammatory sites, therefore allowing subsequent release of cytokines and antimicrobial factors responsible for the control of C. albicans infection. In addition, the low MPO activity in the peritoneal cavity infl ammatory cells in the peritoneal cavity of infected TLR2 ϪրϪ mice. This chemokine is analogous to IL-8, which is involved in neutrophil chemoattraction to infl ammatory sites [ 37 ] . Additionally, IL-1B was markedly diminished in TLR2 ϪրϪ mice when compared to WT mice. This cytokine is broadly involved in the host defense against C. albicans , and is related to enhancement of C. albicans death promoted by neutrophils [ 38, 39 . Our data also show that the levels of CCL3 and CCL5 were lower in the peritoneal cavity of TLR2 Ϫ/Ϫ mice. Such chemokines are widely expressed in response against C. albicans , and are typically involved in the chemoattraction of macrophages [ 40, 41 ] . In agreement with this, we found a signifi cant reduction in the number of macrophages in the peritoneal cavity of TLR2 ϪրϪ mice. Furthermore, the down-regulation of CXCL1, CCL3 and CCL5 could be a consequence of the lower levels of TNF-␣ found in TLR2 ϪրϪ mice, indicating impaired macrophage activation ( Fig. 5 A-F) . In this context, the down-regulation of chemokines may be a possible mechanism of explanation for the signifi cant attenuation in neutrophil migration to the site of C. albicans infection in TLR2 ϪրϪ mice. Lower levels of TNF-and CXCL2 produced by infl ammatory cells from TLR2 ϪրϪ mice were verifi ed previously and correlated with lower neutrophils migration [ 19 ,42 ] . Besides impaired macrophage activation, another possible explanation for this phenomenon could be the fact that the higher number of apoptotic macrophages and neutrophils in the peritoneal cavity of TLR2 ϪրϪ mice might be altering the cytokine/chemokine levels and/or type, and thus facilitating the establishment of the infection. The resultant weak proinfl ammatory response elicited by C. albicans in TLR2 ϪրϪ could be preventing the clearance of the fungus, allowing its dissemination [ 36 ] .
Conversely, Netea et al . [ 43 ] has shown that there is increased resistance to C. albicans infection in TLR2 ϪրϪ mice. However, in this study, production of cytokines and chemokines were assessed using heat-killed C. albicans . Besides, they stimulated macrophages in vitro . In our study, we have investigated production of cytokines and chemokines in vivo . In addition, they have verifi ed phagocytic function of macrophages and neutrophils after 15 min and we did after 60 min. Such differences in the experimental protocol between this study and ours are most likely the reason for the different results.
In conclusion, our results demonstrate that TLR2 is crucial to neutrophil survival after inoculation with C. albicans . The absence of the interplay of TLR2 and against C. albicans could be deleterious to early events of infl ammatory responses , since it avoids the increase in functional life span of the neutrophils. Furthermore, our results show that the production of cytokines and chemokines involved with Since TLR2 is not a phagocytic receptor, differences in C. albicans phagocytosis between WT and TLR2 ϪրϪ mice likely refl ect differences in a factor secreted by the phagocytes themselves. In view of the decreased infl ammatory cell migration to the peritoneal cavity of TLR2 ϪրϪ mice after C. albicans infection, we investigated the levels of chemokines and cytokines production by infl ammatory cells obtained from peritoneal cavity of TLR2 ϪրϪ and WT mice ( Fig. 5 A-F) . Cytokines such as TNF-α have been shown to enhance neutrophil-dependent fungal/yeast phagocytosis [ 32 ] . In fact, our data also showed that the levels of TNF-␣ were diminished by cells from peritoneal exudate of TLR2 ϪրϪ mice ( Fig. 5 A) . In this context, downregulation of cytokines could explain the attenuation in C. albicans phagocytosis in TLR2 ϪրϪ mice. It is important to note that recent studies have shown that the stimulation of TLRs can trigger the expression of a number of phagocytic receptors in macrophages [ 24 ] . However, we did not evaluate if the levels of expression of these receptors were decreased in cells from TLR2 ϪրϪ infected mice. In addition, MyD88 ϪրϪ mice demonstrated impaired phagocytosis and intracellular killing of C. albicans by macrophages [ 33 ] indicating that MyD88 signaling is involved in C. albicans phagocytosis. MyD88 serves as an adapter protein for TLRs signaling to NF-KB translocation and production of pro-infl ammatory cytokines [ 34 ,35 ] , participating in effective phagocytosis by macrophages [ 33 ] .
Since neutrophils have been known as the most important cells in the defense response against C. albicans during early infection, a smaller number of them in response to Candida infection could facilitate the dissemination of this pathogen [ 27 ] . Therefore, we determined the fungal load 24 h after i.p. infection in both groups of mice. Similar amounts of these microorganisms were detected in the peritoneal cavity of TLR2 Ϫ/Ϫ and WT animals. A higher amount of yeast was found in the inguinal lymph nodes and spleen from TLR2 Ϫ/Ϫ mice when compared to WT mice ( Fig. 7 ) . Recently, it has been showed in mice that, during systemic infection, the C. albicans B-glucan is masked initially but becomes exposed later in several organs, characterizing an evasion mechanism avoiding immune attack [ 36 ] . Perhaps, such fact would explain the similar rate of C. albicans CFU in peritoneal exudates from WT and TLR2 ϪրϪ mice, with greater persistence of live pathogen just in lymph nodes and spleen from the latter. Further studies varying strains and infection routes would be necessary to better explain this.
We found that the absence of TLR2 resulted in impaired neutrophils and macrophages in the peritoneal cavity after C. albicans infection. Our results showed a signifi cant reduction in the number of neutrophils and in the levels of neutrophil chemoattractant CXCL1 produced by neutrophil recruitment and activation are diminished in the absence of TLR2. Finally, we demonstrate that TLR2 is fundamental for the ingestion of C. albicans by phagocytic cells.
